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Abstract. The variability of spatial-temporal distribution of
temperature and heat balance elements is investigated for
the Asian territory of Russia (45–80◦ N, 60–180◦ E) using
JRA-25, NCEP/DOE AMIP-II reanalysis data and observa-
tional data for the period of global warming 1979–2008. It is
shown that temperature trend over the territory is 1.4 ◦C for
the period under study according to reanalysis data. Since
the beginning of 90s of 20th century the increase of back
earth-atmosphere shortwave radiation is observed. Such ten-
dency is in conformity with the cloud cover distribution and
downward shortwave radiation at the surface. Regression
model describing temperature variability with variability of
heat balance elements was presented. We conclude that pos-
sible applications for the model include the convenient esti-
mate of temperature variability according to reanalysis data.
1 Introduction
One of the main feature of the warming observed since 70s,
according to IPCC 2007, is signiﬁcant spatial inhomogeneity
of temperature change processes. The understanding of the
reasons demands the investigation of regional climates and
different factors, which inﬂuence the climate. Heat balance
elements at the surface, determining heat and water exchange
between surface and atmosphere, have the important role for
air temperature distribution.
Thus, any identiﬁed patterns of radiation can be subse-
quently used to explore potential relationships between sur-
face energy budget and atmospheric circulation or other at-
mospheric parameters. In addition, identifying regions with
common radiation variability and trends may be valuable in
understanding of predominant physical processes.
The purpose of this study is to investigate the spatial and
temporal variability of air surface temperature and heat bal-
ance elements at the surface in the period of global warming
1979–2008 and detection of relationship between tempera-
ture and radiative and heat ﬂuxes. This investigation was per-
formedfortheAsianterritoryofRussia(ATR),largeclimatic
region in the north-east Asia.
Radiative balance elements of the atmosphere, as well as
sensible and latent heat ﬂuxes between atmosphere and un-
derlying surface play an important role in the weather and
climate formation. Signiﬁcant contribution to the study of
these characteristics, which are the part of the earth’s surface
heat balance, was made by Budyko (1958). Heat transfer for
different types of landscapes was studied by Pavlov (1980).
Current constructions of radiative balance are based on the
analysis of assimilated data, satellite estimates of global ra-
diant and/or the hybrid approach of in-situ and satellite mea-
surements (Da Silva et al., 1994; Trenberth and Solomon,
1994; Rossow and Zhang, 1995; Trenberth and Stepaniak,
2004). The irradiative aspects have been explored in sev-
eral studies by Zhang et al. (2004, 2006, 2007), based on
International Satellite Cloud Climatology Project (ISCCP)
cloud data and other data in an advanced irradiative code.
In addition, estimates of surface radiation budgets have been
given by Gupta et al. (1999) and used by Smith et al. (2002)
and Wilber et al. (2006). These are based on earlier ISCCP
data and reanalysis databases such as NCEP/NCAR, NCEP
AMIP/DOE-II, ERA-40, and JRA-25. Information on radi-
ation ﬂuxes and latent and sensible heat ﬂuxes at the grid
nodes covering the entire globe is contained among the out-
put parameters of the reanalysis, and the length of the time
series allows to investigate not only the interannual, but also
decadal variability.
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There is spatial inhomogeneity of shortwave radiation
trend at the surface (Long et al., 2009; Riihimaki et al., 2009;
Norris and Wild, 2009; Chiacchio and Wild, 2010). The au-
thors mentioned above obtained subintervals in the temporal
dynamics of net radiation at the surface and they connected
this variability with aerosol content in the atmosphere. Re-
sults of the investigation in long-term variability of incoming
solar radiation, cloudiness and air temperature at the surface
for the territory of former Soviet Union were presented by
Abakumova (1996) for the period of increased aerosol ﬁlling
of the atmosphere. According to the results of Plakhina at
al. (2007, 2009), reduction of atmospheric aerosol over ATR
has been observed since 1995 and trend of aerosol optical
depth was negative (from −1.0 to −1.5%yr−1). Such ten-
dency was caused by decadal “puriﬁcation” of atmosphere
from aerosol. It is connected with absence of major volcanic
eruptions and anthropogenic ,,calm“. Therefore we can sup-
pose that the main factor which inﬂuences radiation variabil-
ity is cloudiness change. Increase of total cloud fraction over
ATR was observed from 2001 to 2010 (Khlebnikova et al.,
2009; Chernokulsky et al., 2010).
However, studies dedicated to heat and radiative ﬂuxes
investigation over ATR, especially during last decades, do
not provide complete information for the territory, only for
local regions (Zotino, Yakutsk) and these studies are con-
nected with solution of speciﬁc problems (Meroni et al.,
2002; Tchebakova et al., 2002), for the regions of the North
and wetlands (Meroni et al., 2002; Iwahana et al., 2005;
Boike et al., 2008).
2 Data and methods of analysis
Multivariate statistical techniques were used to understand
the spatial and temporal variability of surface temperature
and its relation to elements of heat balance. The monthly
averaged data of temperature and solar radiation were calcu-
lated from NCEP AMIP/DOE-II and JRA-25 reanalysis data.
Observational data from 454 stations were used for temper-
ature validation over ATR and northern parts of Kazakhstan,
Mongolia and China (Distribution data center NOAA, ftp:
//ftp.cdc.noaa). Inclusion of stations of Kazakhstan, Mongo-
lia and China was necessary for correct presentation of mete-
orological ﬁelds over the southern boundary of ATR. Satel-
lite data and observational data from actinometrical stations
were used for validation of solar radiation.
JRA-25datawereusedastheinitialdata(thelong-termre-
analysis cooperative research project carried out by the Japan
Meteorological Agency (JMA) and the Central Research In-
stitute of Electric Power Industry CRIEPI, http://jra.kishou.
go.jp/JRA-25/index en.html). The data are presented in the
nodes of a regular latitude-longitude grid of 1.25◦ ×1.25◦
at 23 isobaric levels from 1000 to 0.4hPa with 6h tempo-
ral resolution. To derive estimates, which characterize the
spatial distribution of some quantity x over the territory, its
correction on the latitudinal dependence (because of north-
ward mesh decrease) was made: calculated values were mul-
tiplied by coefﬁcient, which is equal to contemporary areas
ratio. Then, distribution function Fx(x) was constructed for
the resulting sample. Sample size was ∼2100 nodes. Median
and interquartile scale sample was estimated by the empirical
distribution function. Then to assess the correlation we used
time series of average sample values, which were determined
in the following way.
To estimate the signiﬁcance of correlation coefﬁcient, the
Fisher transformation was used with further one-sided t-test
of the null hypothesis at 0.05 signiﬁcance level (von Storch
et al., 2003). Standard deviations were determined for coef-
ﬁcients of linear regression equations. In ﬁgures with linear
regression equations these errors are shown in round brack-
ets. Signiﬁcance of the slope coefﬁcients in linear regression
equations was estimated using the one-sided t−test at 0.1
signiﬁcance level.
To derive multilinear regression equations, a stepwise re-
gression algorithm was applied in Sect. 5. This is a system-
atic method for adding and removing terms from a multilin-
ear regression model based on the statistical signiﬁcance of
their contribution into the model variability. At each step, the
p value (0.05) of an F-statistic is computed to test models
with and without a potential term (von Storch et al., 2003). If
atermisnotcurrentlyinthemodel, thenullhypothesisisthat
the term would have a zero coefﬁcient if added to the model.
If there is sufﬁcient evidence to reject the null hypothesis,
the term is added to the model. Conversely, if a term is cur-
rently in the model, the null hypothesis is that the term has
a zero coefﬁcient. If there is insufﬁcient evidence to reject
the null hypothesis, the term is removed from the model. In
multilinear regression equation the number of terms could be
comparable with the length of the time series.
3 Temperature ﬁeld variability over Asian territory of
Russia
According to IV IPCC Report (2007), linear trend of air
surface global temperature for the period of 1906–2005 is
0.074 ◦C/decade, this value has signiﬁcantly increased dur-
ing last several decades. Global temperature trend value by
Assesment report on climate change and its consequences in
Russian Federation (2008) was 0.18 ◦C/decade, and for tem-
perature, averaged by the territory of Russia, trend value was
0.43 ◦C/decade. Spatial and temporal variability of tempera-
tureﬁeldforperiod1976–2005overAsianterritoryofRussia
is investigated by Ippolitov et al. (2008). Average tempera-
ture ¯ T and trend values Ttr, obtained in this study and aver-
aged by the territory for every calendar month and for a year
in general are presented in Table 1.
From the Table 1 it follows, that for the period of 1976–
2005 the Asian territory of Russia was warmed by more
than 1 ◦C. High positive statistically signiﬁcant temperature
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Table 1. Annual averaged temperature values and trends, calculated for the period of 1979-2008 over ATR for observational and reanalysis
data. Statistically signiﬁcant values are in bold.
Month
Stations (1976–2005) JRA-25 (1979–2008)
¯ T, ◦C Ttr, ◦C/decade ¯ T, ◦C Ttr, ◦C/decade
Jan −27.9 0.27 −21.6 0.91
Feb −24.7 0.51 −18.8 0.4
Mar −15.9 0.65 −12.2 0.98
Apr −5.2 0.23 −3.5 0.55
May 4.5 0.55 6.0 0.63
Jun 13.0 0.37 14.9 0.52
Jul 16.3 0.46 18.0 0.34
Aug 13.0 0.26 14.2 0.28
Sep 5.4 0.19 6.8 0.14
Oct −5.5 0.57 −3.2 0.48
Nov −18.5 0.29 −13.9 0.65
Dec −26.3 −0.03 −19.6 −0.09
Year −6.4 0.34 −2.7 0.48
trends are revealed in March, May, June, July, August and
October.
Over Asian territory of Russia temperature ﬁeld variabil-
ity is also characterized by signiﬁcant spatial inhomogeneity.
In January there are differently directed processes over ATR
(Fig. 1a). The process of warming is revealed over the cen-
tral part of Siberia and along seaside, the process of cooling
is over West Siberia and Chukotka, and warming is observed
over 60% of the territory. Probability density function of
trend values, calculated by grid nodes 1◦ ×1◦, is multimode
and has a wide range of trend values from −1.5 ◦C/decade
to +1.5 ◦C/decade. Trend value, averaged by the territory, is
0.27 ◦C/decade with standard deviation σtr = 0.84 ◦C/decade
and it is not statistically signiﬁcant.
In July (Fig. 1b) the warming is observed over 90% of the
territory, local centers of negative trends are revealed only in
West Siberia. Probability trend distribution has one mode
with average value 0.46 ◦C/decade and standard deviation
σtr = 0.29◦/decade. In general, in annual variability over the
central part of Siberia the process of warming prevails, and
over West Siberia the processes of warming alternate with
the processes of cooling. From the comparison of contempo-
rary values according to observational data and JRA-25 (Ta-
ble 1) it follows, that average temperatures and their trends
are higher in reanalysis data however reanalysis data save a
qualitatively correct representation of temperature ﬁeld vari-
ability. Correlation coefﬁcient of annual averaged time series
for 1979–2005 was 0.95. To maintain uniﬁed data format for
all derived values, and subsequently for making a regression
model we will use temperature ﬁeld characteristics, calcu-
lated by JRA-25 reanalysis data.
4 Radiation and heat balance ﬂuxes at the earth’s
surface. The variability of cloud cover
Validation of downward shortwave radiation, based on net-
work observations of actinometrical stations in West Siberia
was carried out in the following method. The monthly
sums of solar radiation from NCEP/DOE AMIP-II reanal-
ysis were analyzed, its intra-annual variability and also cor-
relation analysis was carried out for ten actinometrical sta-
tions, located in West Siberia and Altai. It was shown
that NCEP/DOE AMIP-II reanalysis data represents sea-
sonal variability of monthly sums of solar radiation with er-
ror 15%, also over mountain regions. For mountain region
basins in the south of Siberia total radiation from reanaly-
sis data was slightly different than that from data of actino-
metrical stations (no more than 4%). Annual average values
of total radiation, determined by reanalysis data were higher
than values, determined by observational data. For ﬂatland
regions of West Siberia annual average values of total radi-
ation, determined by reanalysis data, were overestimated by
12–15%. So, trends were not changed. The validation of
JRA-25 reanalysis data and actinometrical stations data has
the same results with the validation according to NCEP/DOE
AMIP-II reanalysis data: representation of intra-annual vari-
ability, systematical overestimation of total downward radia-
tion values by models and the constancy of trend sign, inter-
annual variability.
Validation of JRA data and other reanalyses of the to-
tal cloud cover were made in paper by Chernokulsky et
al. (2010). It is shown that according to observational data
global annual averaged cloudiness value for the Northern
Hemisphere is 0.55, the similar value (0.44) is obtained us-
ing JRA reanalysis data and the maximal coincidence with
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Figure  1.  The  spatial  distribution  of  temperature  trend  values  (°C/decade)  over  ATR  for  1 
January and July using observational data (a and b) and JRA-25 reanalysis data (c and d).  2 
Fig. 1. The spatial distribution of temperature trend values (◦C/decade) over ATR for January and July using observational data (a and b)
and JRA-25 reanalysis data (c and d).
observational data is observed for ERA-40. Annual varia-
tions of cloud cover, constructed by JRA reanalysis, are also
characterized by low values.
We compared the total cloudiness values using
NCEP/DOE AMIP (http://www.esrl.noaa.gov/psd/data/
gridded/data.ncep.reanalysis2.html) and JRA-25 for ATR.
The comparison showed that the time series related to the
interval 1979–2008 are close to each other, the magnitude
of discrepancy between time series of monthly averaged
values is 1.5% and the difference of annual averaged values
is 0.5%. For the following calculations both reanalysis were
used.
Heat balance equation at the surface is:
B =Qn+Ln−LE−P −G, (1)
whereQn =Q↓s−Q↑s– net shotwave radiation;Ln =L↓s−
L↑s – net longwave radiation, and Ln = −Eeff,
  6 
values of total radiation, determined by reanalysis data, were overestimated by 12-15%. So,  1 
trends  were  not  changed.    The  validation  of  JRA-25  reanalysis  data  and  actinometrical  2 
stations  data  has  the  same  results  with  the  validation  according  to  NCEP/DOE  AMIP-II  3 
reanalysis data: representation of intra-annual variability, systematical overestimation of total  4 
downward radiation values by models and the constancy of trend sign, interannual variability.  5 
Validation of data JRA and other reanalyses of the total cloud cover were made in paper by  6 
Chernokulsky et al. (2010). It is shown that according to observational data global annual  7 
averaged cloudiness value for the Northern Hemisphere is 0.55, the similar value (0.44) is  8 
obtained using JRA reanalysis data and the maximal coincidence with observational data is  9 
observed for ERA-40. Annual variations of cloud cover, constructed by JRA reanalysis, are  10 
also characterized by low values.  11 
We  compared  the  total  cloudiness  values  using  NCEP/DOE  AMIP  12 
(http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html) and JRA-25 for ATR.  13 
The comparison showed that the time series related to the interval 19792008 are close to  14 
each other, the magnitude of discrepancy between time series of monthly averaged values is  15 
1.5% and the difference of annual averaged values is 0.5%. For the following calculations  16 
both reanalysis were used.   17 
Heat balance equation at the surface is:   18 
B = Qn + Ln - LE - P – G,                                                             (1)  19 
where Qn = QS - Q↑S – net shotwave radiation; L n = LS - L↑S – net longwave radiation, and     20 
L n = - Eeff, где Eeff  - effective radiation. LE, P and G - latent,  sensible fluxes and heat flux in  21 
the ground respectively. QS and LS – shotwave and longwave radiation, coming to the surface  22 
() or going from the surface (↑).  23 
Symbols in front of LE, P and G depend on heat flux direction. Positive turbulent fluxes are  24 
directed away from the earth surface whilst positive net radiation is directed towards the earth  25 
surface..  26 
Equation (1) suggests that B=0, but for bounded territory we should take into consideration  27 
other heat sources, for instance, heat advection with dominant for this region air flows, heat  28 
losses by snow-ice cover melting and others. These factors lead to disbalance of B. Values of  29 
B, averaged by the territory were calculated in nodes by (1) using JRA-25 reanalysis (Table  30 
2). These values are small in comparison with heat balance elements (in average 1W/m
2,  31 
Eeff –
effective radiation. LE, P and G – latent, sensible ﬂuxes and
heat ﬂux in the ground respectively. Qs and Ls – shotwave
and longwave radiation, coming to the surface (↓) or going
from the surface (↑).
Symbols in front of LE, P and G depend on heat ﬂux di-
rection. Positive turbulent ﬂuxes are directed away from the
earth surface whilst positive net radiation is directed towards
the earth surface.
Equation (1) suggests that B=0, but for bounded territory
we should take into consideration other heat sources, for in-
stance, heatadvectionwithdominantforthisregionairﬂows,
heat losses by snow-ice cover melting and others. These fac-
tors lead to disbalance of B. Values of B, averaged by the
territory were calculated in nodes by (1) using JRA-25 re-
analysis (Table 2). These values are small in comparison
with heat balance elements (in average 1Wm−2, maximal
Table 2. Variability of annual averaged values of B (Wm−2) over
ATR using JRA reanalysis data for 1979–2008.
Month B σB Btr σBtr
Jan 1.15 1.09 −0.03 0.06
Feb 0.55 1.12 −0.01 0.06
Mar −0.39 1.76 0.02 0.07
Apr 1.05 3.22 −0.02 0.10
May 4.83 1.18 0.17 0.20
Jun 3.35 1.18 −0.01 0.16
Jul 1.56 0.75 −0.02 0.04
Aug 0.98 0.72 −0.02 0.04
Sep 0.07 0.94 −0.01 0.04
Oct −0.27 1.38 0.00 0.06
Nov −0.45 1.06 −0.03 0.06
Dec 0.55 1.18 −0.00 0.06
values 5Wm−2 in May), that is why for ATR we do not take
them into consideration. On the other hand, if we include
horizontal advection in radiative balance calculation in single
points (for example, observational stations), then the averag-
ing of values by the territory leads to relative compensation
of local ﬂuxes. That is why advection inﬂuence could be ob-
served due to global circulation ﬂows, dominant for the ter-
ritory under study and connected with west transfer. Global
circulation variability can describe up to 50% of air temper-
ature variability in several months, such as April and October
(Ippolitov et al., 2010). But in this study only heat balance
elements inﬂuence on temprerature is investigated.
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Figure 2. The temporal variability of total cloud cover (TC) (a) and downward shortwave  1 
radiation at the surface QS (b) over ATR using JRA-25 reanalysis for the period 1979-2008.  2 
Symbols “J” and “N” in superscript indicate values. calculated by JRA-25 and NCEP/DOE  3 
AMIP-II respectively.  4 
Fig. 2. The temporal variability of total cloud cover (TC) (a) and
downward shortwave radiation at the surface Q↓s (b) over ATR
using JRA-25 reanalysis for the period 1979–2008. Symbols “J”
and “N” in superscript indicate values. Calculated by JRA-25 and
NCEP/DOE AMIP-II respectively.
Shortwave solar radiation coming to the surface plays an
important role in radiative balance formation. When solar
constant doesn’t change, shortwave radiation variability at
the surface is caused by cloudiness variability and aerosol
content in the atmosphere.
Cloudiness plays an important role in the energy balance
of the Earth (Zhang et al., 1995). Clouds contribute to the
heatingoftheearth’ssurfaceduetothereradiatedinfraredra-
diation toward the earth’s surface. On the other hand, clouds
efﬁciently reﬂect downward solar radiation and contribute to
cooling of the climate system. At the present time it is con-
sidered that cloud cover slightly cools the climate, while high
level clouds contribute to the increasing of greenhouse ef-
fect and low clouds – to cooling of the climate system (Cher-
nokulsky et al., 2010).
Interannual variability of total cloudiness (TC) and down-
ward shortwave radiation at the surface (Q↓s) is presented
for two reanalysis (Fig. 2).
From the analysis of TC and Q↓s variability over ATR
(Fig. 2) it follows that for JRA-25 and NCEP/DOE AMIP
reanalysis datasets in subinterval 1979–1992 the decreasing
of total cloudiness and the corresponding growth of down-
ward shortwave radiation at the surface are observed. In the
second subinterval 1992–2008 the situation is reverse. As it
was mentioned above, these periods are probably connected
with aerosol contents variability and cloudiness.
Estimates of total cloudiness changes over ATR by obser-
vational data at meteorological stations are made by Khleb-
nikova et al. (2009). It was found there that for the sec-
ond half of 20th century the total cloudiness trend over ATR
is positive and equal to 0.4%/decade, but for the interval
1976 to 2005 trend is negative and equal to −0.5%/decade.
There is a certain agreement between these data and JRA
reanalysis, shown in Fig. 2, because in general linear trend
for the period of 1979–2008 is also negative and equal to
−0.2%/decade. The results of our analysis of changes in
the cloudiness structure have shown that, in general, for the
period under study over ATR the following tendency was
observed: high level clouds increased by 1%, middle level
cloudsdecreasedby1%, andmostmarkedlydecreaseby2%
was observed for the part of low level clouds.
Such temporal variability separation of downward short-
wave solar radiation Q↓s is also observed for interannual
variability of zonally averaged values Q↓s over ATR and
NorthernHemisphere, especiallyfrom50◦ to60◦ N(Fig.3a).
Similar tendency is observed for zone from 60◦ to 70◦ N (not
presented). Observational data at actinometrical stations in
Siberia are in a good agreement with reanalysis data: major-
ity of stations are also characterized by two subintervals in
Q↓s variability (Fig. 3b).
Tendency of downward shortwave solar radiation de-
crease was also revealed by satellite data for the period of
1983–2005 (http://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?
+s01{#}s01).
Table 3 shows the monthly averaged values of TC and Q↓s
over ATR with their standard deviation. The annual averaged
longtermcloudcoveris53%. Themaximumvalueis61%in
November and the minimum is 45% in July. The maximum
variability of cloud cover corresponds to the cold season.
The annual averaged value of shortwave downward solar
radiation at the surface was 128Wm−2 with maximum value
of 269.5Wm−2 in July and minimum value of 7Wm−2 in
December. The maximum of short-wave ﬂux variability was
also in cool season of year.
There are also two subintervals in temporal variability of
Eeff (according to two reanalysis datasets) with opposite ten-
dencies of long-term changes (Fig. 4). It is shown that since
1995 longwave radiation from the atmosphereL↓s has in-
creased. It is connected with the growth of total cloudiness.
Overall cloud impact on radiative balance will depend on
spatial distribution and cloud characteristics.
The decreasing of Q↓sis observed in the central and north-
ern part of ATR, while the increasing – in the southern part
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Table 3. Variability of monthly averaged values of TC, Q↓S, LE and P over ATR calculated by JRA-25 reanalysis for period 1979–2008.
Statistically signiﬁcant values are in bold.
Downward Solar Total Latent Energy Sensible Energy
Month Radiation Cloudiness LE P
Q↓s, Q↓str, TC, TCtr, LE, LEtr, P, Ptr,
Wm−2 Wm−2/decade % %/decade Wm−2 Wm−2/decade Wm−2 Wm−2/decade
Jan 13.7 −0.04 58 −1.75 0.1 −0.12 −23.0 −0.62
Feb 48.4 −0.02 56 −0.14 1.0 0.06 −17.5 −0.42
Mar 116.6 −1.24 53 0.44 4.6 0.48 −6.8 −1.22
Apr 198.9 −0.70 49 −0.68 16.8 0.23 17.7 −0.59
May 252.9 −1.85 48 −0.62 40.0 0.47 39.3 −2.56
Jun 269.5 −1.79 46 0.28 58.1 0.36 46.4 −1.87
Jul 248.2 0.38 45 −0.34 62.9 0.71 39.9 −0.70
Aug 186.1 −1.02 50 0.44 45.1 −0.03 25.3 −0.39
Sep 115.5 −1.00 55 0.38 25.9 0.25 7.8 −0.69
Oct 57.8 −0.48 60 0.51 10.4 −0.14 −11.4 −0.88
Nov 20.4 −0.18 62 −0.73 2.3 −0.1 −21.0 −0.03
Dec 7.0 −0.03 59 −1.24 0.4 −0.1 −23.8 0.13
of the territory. Also L↓s and TC have the similar spatial
distribution and the opposite behavior is observed with Q↓s.
Spatial distributions of downward shortwave radiation at the
surface Q↓s and effective radiation Eeff also have anticorre-
lation with cloudiness variability (Fig. 5).
It is more evident in July over West Siberia, Buryatia and
Yakutia. In January Q↓s variability is not signiﬁcant, and
effective radiation variation is mainly connected with cloudi-
ness variability. There are some regions, which have both
correlation and anticorrelation with cloudiness, for instance,
Chukotka. Probably, it is connected with advection of moist
air from the Paciﬁc Ocean.
Heat exchange between surface and atmosphere takes
place through longwave radiation ﬂuxes, and sensible and
latent heat ﬂuxes. In temporal dynamics of the effec-
tive radiation Eeff two periods with the change of gradi-
ent in the beginning of 90s are distinguished. In the ﬁrst
interval the effective radiation increased with the rate of
1.96Wm−2/decade, while in the second one it decreased
with the rate of −0.13Wm−2/decade.
In winter mainly zonal distribution is observed with the
largest values in the south of the territory. Several local min-
ima occurred along the north part of Paciﬁc coast and over
the northern part of West Siberia. The positive trend of the
effective radiation is in general typical for the summer period
and it is observed in the southern part of East Siberia. This
coincides with the region of the total clouds decreasing.
For surface air sensible and latent heat ﬂuxes can be cal-
culated as (Budyko, 1958):
P =ρcpD(Ts−T), LE =ρD(qs−q), (2)
here ρ is air density, cpis air heat capacity at a constant pres-
sure, D is the integral characteristic of the vertical turbulent
transfer conditions between surface and atmosphere, Ts is
surface temperature, T is surface temperature at 2m, qs, q
are air speciﬁc humidity at temperatures Ts. and T respec-
tively. The expression, proposed by Budyko, allows repre-
senting latent and sensible heat ﬂuxes in convenient way for
the analysis of their variability. These ﬂuxes are determined
by the difference between meteoparameters at two levels.
Therefore, the investigation of value variability at each level
allows explaining the ﬂux variability.
The interval 1990–1996 is also marked out in the temporal
dynamics of ﬂuxes. It is characterized by decrease of anoma-
lies amplitude. The wavelet spectrum analysis of monthly
averaged time series of LE and P have shown that changes
occur in the periodicities with scale less than ﬁve years. The
monthly averaged values of LE and P over the ATR region
with their standard deviation are shown in Table 3.
The latent heat LE trend, in general, is positive, and only
20% of the territory is in the negative value area. The vari-
ability of LE is weak in the winter months, from April, the
latent heat ﬂux is increased over the south of West and East
Siberia, as well as over Far East. From June negative trend
is observed over the south of West Siberia, positive – over
the central and southern part of East Siberia and Far East. In
general the conformity of LE spatial distribution with cloud
ﬁeld is marked. We could not explain this negative trend by
difference between trends of speciﬁc humidity qs and q at
the appropriate height.
Negative tendency prevails in the change of sensible heat
ﬂux P. This is due to a lower rate of temperature growth
Ts, than T at height of 2m. This conclusion is based on
the comparison of temperature linear trends at appropriate
vertical levels. Opposite tendencies of longterm variabil-
ity of LE and P are in a good agreement with Ban-Weiss
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Figure 3. The temporal variability of downward shortwave radiation at the surface QS by  2 
JRA-25 for the period of 1979-2008: zonally averaged values from 50° to 60°N over ATR  3 
and Northern Hemisphere (a) and at Aleksandrovskoe station (6026N. 7752E) (b).   4 
  5 
Fig. 3. The temporal variability of downward shortwave radiation
at the surface Q↓s by JRA-25 for the period of 1979–2008: zonally
averaged values from 50◦ to 60◦ N over ATR and Northern Hemi-
sphere (a) and at Aleksandrovskoe station (60◦260N. 77◦520E) (b).
  24 
  1 
Figure  4.  The  temporal  variability  of  effective  radiation  Eeff  over  ATR  using  JRA-25  2 
reanalysis  data  for  the  period  from  1979  to  2008  3 
Fig. 4. The temporal variability of effective radiation Eeff over ATR
using JRA-25 reanalysis data for the period from 1979 to 2008.
(2011). These studies suggest that a reduction (increase)
in latent heat increases (decreases) local surface tempera-
tures due to the loss (gain) of evaporative cooling. It is
conﬁrmed by the analysis of JRA values, as well as ob-
servational data at stations (for example, in March at the
Aleksandrovskoe (60◦260N, 77◦520E) −0.07◦C/decade, at
Pudino (57◦320N, 79◦220E) −0.28◦C/decade, and at Bara-
binsk (55◦220N, 78◦240E) −0.22◦C/decade). In summer the
two times increasing of σ is observed for P, as well as for its
trends; it indicates that there are several areas with the pro-
cesses occurring with different rates over ATR. Before sum-
mer the magnitudes of ﬂux decreases over the territory of
West Siberia and increases over the East Siberia. In summer
the situation is opposite.
5 Regressionanalysisofsurfacetemperaturevariability
versus heat balance components
Air surface temperature variability mainly depends on heat
and radiative balance elements variability, according to (1).
Balance elements impacts was determined using regression
model.
This regression model relates surface temperature anoma-
lies δT with relative shortwave radiation anomalies δQn,
longwave radiation anomalies δEeff, calculated for clear sky,
anomalies of latent, sensibility heat, heat ﬂux in the ground
δEg, Eg=LE+P+G, and with cloudiness anomalies δ TC:
δT =β1δQn + β2δEeff + β3δEg +β4δTC, (3)
Relationship between terms of the Eq. (3) for clear sky was
determined by correlation coefﬁcient and did not exceed 0.3.
This coefﬁcient is statistically insigniﬁcant at α = 0.05 (it
increased up to 0.5 only in March for shortwave radiation).
However, as expected, when cloudiness is included in radia-
tive ﬂuxes correlation coefﬁcient increases to 0.5 and to 0.9
for several months.
The inﬂuence of each level variability (high, medium and
low cloud level) on temperature variability was also inves-
tigated (not presented). It was obtained that high level has
the largest contribution to its varaibility in cold season, but
medium and low cloud levels have an impact during warm
season.
The addition of the total cloud to predictors allows to in-
crease the contribution of describable regression R2 (deter-
mination coefﬁcient) in general by 0.06, and for February
and December – by 0.15 (Table 4), in that time the variabil-
ity of R2was decreased in general by 0.02. Such regression
analysis (3) was carried out using NCEP/DOE AMIP-II re-
analysis data, where we have found that determination co-
efﬁcient is less by 15% than that according to JRA-25. We
also investigated two subintervals, revealed in temporal vari-
ability of parameters under study. It was obtained that the
contribution of describable regression R2 for each separate
subintervals (1979–1992 and 1992–2008) is higher than R2
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Figure 5. The spatial variability of total cloud cover trend (TC. %/decade) (a). downward  2 
shortwave radiation trend at the surface  (Q↓S. W/m
2/decade) (b) and effective radiation trend  3 
(Eeff.  W/m
2/decade) (c) over ATR  for January and July by  JRA-25 for the period of 1979- 4 
2008.  5 
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Fig. 5. The spatial variability of total cloud cover trend (TC, %/decade) (a). Downward shortwave radiation trend at the surface (Q↓s,
Wm−2/decade) (b) and effective radiation trend (Eeff, Wm−2/decade) (c) over ATR for January and July by JRA-25 for the period of
1979–2008.
for the whole period by 0.14. The value of R2 slightly varies
within a year: for the ﬁrst subinterval – from 0.76 to 0.9; for
the second subinterval – from 0.69 to 0.87.
It is seen from the Fig. 5, that the regions with high close-
ness of relationship (R2 >0.8 on Cheddock scale, red color),
and correspondingly with high level of prediction, are ob-
served over coastal regions of Paciﬁc ocean and over the
northern part of West Siberia. In winter regions with very
high relationship (R2 >0.9 on Cheddock scale) are zonally
extended and located in the central part of Western and East-
ern Siberia. The coastal regions of Arctic ocean are char-
acterized, as a rule, by a weak relationship (R2 <0.3, blue
color). In summer months the relation in the central part of
ATR becomes weaker, but for coastal regions the increasing
of the contribution of describable dispersion is observed. In
spring and autumn there are local zones with high closeness
of relationship mainly in the central and northern parts of
ATR (Fig. 6).
In January, the largest contribution belongs to the effec-
tive radiation, i.e. to the balance of longwave radiation (Ta-
ble 5). Table 5 shows that δTC and δEg anomalies have the
dominant inﬂuence (>50%) on temperature variability δT
in November. In this month the areas of cloudiness inﬂuence
are situated zonally over the mountain regions in southern
part of ATR and in the northern part from Taimyr Peninsula
toChukotkaPeninsula. IntheregionofStanovoyeHighlands
δTC anomaly describes up to 50–60% of temperature vari-
ability. The regions with increased inﬂuence of δEg anomaly
are situated along coastal areas and river systems.
6 Conclusions
Annual averaged temperature and radiative balance elements
data, over Asian territory of Russia were analyzed for the
years 1979–2008. Temperature trend over the territory is
0.48 ◦C/decade according to reanalysis data. High positive
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Figure 6. The spatial distribution of determination coefficient R
2 calculated by (3)  for January  2 
(a) and July(b) over ATR using JRA-25 reanalysis for the period of 1979-2008.  3 
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Fig. 6. The spatial distribution of determination coefﬁcient R2 calculated by (3) for January (a) and July (b) over ATR using JRA-25
reanalysis for the period of 1979–2008.
Table 4. Determination coefﬁcient (R2) of regression model calcu-
lated by JRA-25 reanalysis for 1979–2008.
Month
Clear sky With cloudiness
R2 σR2 R2 σR2
Jan 0.71 0.26 0.80 0.23
Feb 0.58 0.23 0.73 0.20
Mar 0.49 0.22 0.57 0.20
Apr 0.49 0.19 0.56 0.18
May 0.48 0.18 0.53 0.17
Jun 0.68 0.24 0.70 0.20
Jul 0.71 0.12 0.74 0.10
Aug 0.65 0.16 0.72 0.13
Sep 0.49 0.16 0.59 0.14
Oct 0.47 0.20 0.54 0.21
Nov 0.64 0.22 0.75 0.16
Dec 0.57 0.26 0.72 0.23
Table 5. The contribution of each predictor in the regression model
tothetotal variabilityofair surfacetemperatureforthe period1979-
2008. Statistically signiﬁcant values are in bold.
Month δQn δEeff δEg δTC
Jan 26.8 37.2 20.2 15.8
Feb 20.0 41.3 21.5 17.3
Mar 21.5 42.1 15.3 21.1
Apr 50.6 14.9 6.4 28.1
May 53.8 17.9 6.5 21.8
Jun 43.8 32.0 10.8 13.4
Jul 45.3 23.3 15.5 15.9
Aug 39.7 30.4 19.0 10.9
Sep 35.0 36.4 14.1 14.5
Oct 20.2 31.6 17.2 31.1
Nov 7.3 35.9 24.4 32.4
Dec 19.5 36.8 25.7 18.0
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statistically signiﬁcant temperature trends are revealed in
March, May, June, July, August and October.
Regional variations of solar radiation ﬂux obtained by re-
analysis data are mainly conformed to total cloudiness and
air temperature changes. In general, besides November,
shortwave and longwave radiation play a major role in tem-
perature variability (they describe 50% of this variability).
Fromthebeginningof90sof20thcenturythegrowthofsolar
radiation, reﬂected by earth’s atmosphere is observed. This
growth coincides with cloud cover dynamics and downward
shortwave solar radiation coming to the surface.
We have presented a simple model for the description of
temperature. Obtained regression model allow describing up
to 70% of temperature variability using radiative factors.
Such research has shown that for several regions of ATR it
is possible to predict air surface temperature variability using
heat balance elements at the earth surface. For future inves-
tigation to get more accurate regression model, circulation
processes in troposphere should be taken into account.
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